ABSTRACT
INTRODUCTION
ver the past decade, and especially over the last five years, there has been a gradual change in the composition of bank income. In comparison to interest income, banks, on average, earn more noninterest income than before. According to the DI 200 and BA 120 Reports (Department of Bank Supervision), the amount of non-interest income matches that of interest income and, in some cases, even exceeds it. In order to maintain profitability and to ensure an acceptable return to shareholders, banks have diversified their services with various types of cross-selling, resulting in an increase in non-interest income.
Banks, as managers of the various risks facing them, are attempting to maximise profits and thereby maximising the wealth of shareholders. In order to maximise profits, bank management should invest in assets that generate the highest gross yield and keep costs down. Risk-taking is a normal behaviour of financial institutions, given that risk and expected return are so tightly interrelated (Bessis, 2002:27) . One of the fundamental risks faced by all banks is the interest rate risk.
Banks act as intermediaries between lenders (surplus economic units) and borrowers (deficit economic units) in the economy; therefore, banks exist because of the conflict between the requirements of lenders and borrowers in terms of risk, return, and term to maturity. According to Faure (1999:6) , banks facilitate the flow of funds from surplus economic units to deficit economic units by issuing financial liabilities that are acceptable as assets to the lenders and they use the funds obtained to acquire claims that reflect the requirements of the borrowers. In the economy, banks therefore borrow money from the surplus units (lenders) and lend money to the deficit units (borrowers).
The profitability of a bank is thus determined, inter alia, by the amount of interest income generated by that bank. The difference between the borrowing rate and the lending rate is known as the interest rate gap. The interest rate gap is a standard measure of the exposure to interest rate risk and, according to Bessis (2010:290) , the interest These changes forced banks to rethink their marketing strategies in order to increase income and thus the wealth of shareholders. This was made possible with the introduction of new banking products that contributed toward an increase in service fees. Banks thus saw a shift in the composition of income moving from interest income to non-interest income.
The question this paper attempts to answer is whether this shift in the composition of bank income has any effect on the efficiency of a bank. In order to do this, the DPIN Version 1.1, which uses the Data Envelopment analysis (DEA) programs developed by O'Donnell (2010b) to compute and decompose Hicks-Moorsteen TFP indexes, was used to estimate the efficiency and changes of a large South African bank at the regional level. Two models were used to distinguish between the effects of the two different outputs.
Various studies have previously used DEA to study the performance of banks at both the firm/corporate level (e.g. Drake The contributions of this paper are two-fold: 1) It is the first to apply the program for Decomposing Productivity Index Numbers (DPIN) to study the efficiency and total factor productivity of a large South African bank and 2) it the first to use this methodology to investigate the components of productivity change this bank experienced.
Total Factor Productivity
Managers, as is the case with bank managers, are all interested in the productivity (efficiency) levels within the organisation as high productivity usually results in higher profits. Knowledge about productivity is important in formulating business strategy and policy-making. In many cases, the productivity that is available is only partial, e.g. labour productivity. Effective economic and business policy-making requires the accurate measurement of total factor productivity (TFP) change and its components (O'Donnell, 2008:1). For this purpose, numerous measures are available; but for the purpose of this paper, the TFP index decomposition methodology developed by O'Donnell (2008) and the DEA programs for implementing the methodology, also developed by O'Donnell (2010b), is utilised.
The framework proposed by O'Donnell (2008:1) is both conceptually and mathematically simple, where the simplicity is achieved by defining index numbers in terms of aggregate quantities and prices. According to O'Donnell (2008:2) , there are essentially two main approaches to decomposing TFP growth and he combines the main features of both approaches and calculates TFP index numbers that are said to be complete. In the bottom-up approach, researchers define generic measures of efficiency and technical change and then combine them to form a TFP index. In the top-down approach, they start with a recognizable index and then attempt to decompose it in a meaningful way.
Total factor productivity (TFP) can be defined as the ratio of an aggregate output to an aggregate input which means that index numbers that measure changes in TFP can be expressed as the ratio of an output quantity index to an input quantity index; i.e., a measure of output growth divided by a measure of input growth (O'Donnell. 2010b:528). As the total factor productivity (TFP) of a multiple-output multiple-input firm is commonly defined as the ratio of an aggregate output to an aggregate input, this means that if Q nt and X nt denote the aggregate output and input of firm n in period t, the TFP of the firm in that period is simply (O'Donnell, 2008:7)
(1)
The associated index number that measures the TFP of firm n in period t relative to its TFP in period 0 is (2) where Q n0,nt = Q nt /Q n0 is an output quantity index and X n0,nt = X nt /X n0 is an input quantity index. This means that TFP growth can be viewed as a measure of output growth divided by a measure of input growth (O'Donnell, 2010c:1).
O'Donnell (2010c:2) refers to TFP indexes that can be expressed in terms of aggregate quantities, as in equation (2), as being multiplicatively-complete. In evaluating productivity growth, it is imperative to identify the components of productivity change. According to O'Donnell (2011:1), there are at least two reasons for wanting to identify the drivers of productivity change: 1) All other things being equal, productivity growth that is driven by technical progress and/pr increases in technical efficiency will always be associated with higher net returns and 2) different policies will generally have different effects on the various components of productivity change.
The Components Of Productivity Change
According to O'Donnell (2010c:2), all multiplicatively-complete TFP indexes can be decomposed into a measure of technical change and several measures of efficiency change. Completeness is a sufficient condition for decomposing a TFP index into measures of technical change, technical efficiency change, scale efficiency change, and mix efficiency change (O'Donnell, 2008:10) . Figure 1 illustrates the basic idea in aggregate quantity space (O'Donnell 2010a:3). In this figure, the TFP of firm n in period 0 is given by the slope of the ray passing through the origin and point A, while TFP in period t is given by the slope of the ray passing the origin and point Z. It follows that the TFP index that measures the change in TFP between the two periods is TFP n0,nt = slope OZ/slope OA. It is clear from Figure 1 that the change in the TFP of the firm between periods 0 and t can be decomposed with reference to a point E as TFP n0,nt = (slope OZ/slope OE) × (slope OE/slope OA) (O'Donnell, 2010a:3).
Within this framework, a potentially infinite number of points E can be used to effect a decomposition of a multiplicatively-complete TFP index (O'Donnell, 2010a:2). According to O'Donnell (2010c:9), among the efficiency change components are input-and output-oriented measures of technical, scale, and mix efficiency change.  Input-oriented Technical Efficiency (ITE), which measures the difference between observed TFP and the maximum TFP that is possible while holding the input mix, output mix and output level fixed. In Figure 2 , the curve passing through points B and D is the frontier of a "mix-restricted" production possibilities set. ITE is a ratio measure of the horizontal distance from point A to point B. Equivalently, it is a measure of the difference in TFP at points A and B: ITE n0 = slope OA/slope OB.  Input-oriented Scale Efficiency (ISE), which measures the difference between TFP at a technically-efficient point and the maximum TFP that is possible while holding the input and output mixes fixed (but allowing the levels to vary). This measure of efficiency is represented in Figure 2 as a movement from point B to point D: ISE n0 = slope OB/slope OD. O'Donnell (2010b:9) refers to point D as the point of mix-invariant optimal scale (MIOS).  Residual Mix Efficiency (RME), which measures the difference between the maximum TFP possible on a mix restricted frontier and the maximum TFP possible when input and output mixes (and levels) can vary. This measure of efficiency is represented in Figure 2 as a movement from point D to point E: RME n0 = slope 0D / slope 0E.
Aggregate Output
Aggregate Input  Input-oriented Mix Efficiency (IME), which measures the difference between TFP at a technically-efficient point on the mix-restricted frontier and the maximum TFP that is possible while holding the output level fixed. This measure of efficiency is represented in Figure 2 as a movement from point B to point U: IME n0 = slope 0B/slope 0U.  Residual Input-oriented Scale Efficiency (RISE), which measures the difference between TFP at a technically and mix-efficient point and TFP at the point of maximum productivity. According to O'Donnell (2010:4), any improvement in TFP is essentially a scale effect and may also contain a residual mix effect. This measure of efficiency is represented in Figure 2 as a movement from point U to point E: RISE n0 = slope OU/slope OE.  TFP Efficiency (TFPE), which measures the difference between observed TFP and the maximum TFP possible using the available technology. This measure of efficiency is represented in Figure 2 as a movement all the way from point A to point E: TFPE n0 = TFP n0 /TFP 0 * where TFP 0 * denotes the maximum TFP possible using the technology available in period 0. 
O'Donnell (2010c:4) also presents several output-oriented decompositions of TFP efficiency in terms of pathways from point A to point E. Such decompositions provide a basis for an output or input-oriented decompositions of any multiplicatively-complete TFP index.
DATA AND MODEL
Monthly data covering the 24 months sample period for the 37 regions of one of the largest banks in South Africa were obtained. Some of the descriptive statistics are presented in Table 1 . Two models were specified in order to capture the 'traditional', as well as the 'non-traditional', functions of a bank. Model 1 was specified to estimate the efficiency of the bank under the 'traditional' function; namely, to lend money in return for interest paid to the bank. Model 2 was specified to estimate the efficiency of the bank under the 'non-traditional' function of a bank; namely, to lend money, and in the process, render a large number of services in return for service fees (non-interest income).
Outputs: Model 1:
y 1 = value of loans (rand) y 2 = value of interest income (rand)
Outputs: Model 2 y 1 = rand value of loans (rand) y 2 = rand value of non-interest income (rand)
Inputs: Models 1 and 2: x 1 = rand value of deposits x 2 = rand value of total operating expenditure (excluding staff costs, interest paid and depreciation) x 3 = rand value of staff costs.
According to Sathye (2001) , there are two main approaches to defining the outputs and inputs of banksthe production and intermediation approaches. The production approach views banks as firms which "produce" different types of deposits (e.g. savings, term and demand deposits) and loans (e.g. commercial, housing and personal loans) using inputs such as capital, labour and materials (Berger et al.,1987) . Under this approach, numbers of deposit accounts, loan accounts, and transactions processed are used as measures of bank outputs. Input costs are measured as operating costs excluding interest paid.
The intermediation approach views banks as intermediaries that facilitate the transfer of funds from holders of surplus funds to economic agents who are in need of funds -they 'intermediate' surplus funds into loans and other assets. Under this approach, the dollar volumes (i.e., values) of loans and deposits are used to measure bank outputs while input costs are measured as operating costs including interest paid.
Favero and Papi (1995) identify three more approaches to defining bank outputs and inputs: 1) The asset approach is a variant of the intermediation approach in which outputs are strictly defined by assets; 2) In the user-
cost approach, outputs are chosen on the basis of net contributions to bank revenue; and 3) In the value-added approach, outputs are chosen on the basis of share of value added. Neither the user-cost nor the value-added approaches appear to adequately account for all the functions carried out by banks.
According to Resti (1997) , a pivotal issue throughout the whole literature, based on stock measures of banking products, is the role of deposits. On the one hand, it is argued that they are an input in the production of loans (intermediation or asset approach); yet, other lines of reasoning (value-added or user-cost approach) suggest that deposits themselves are an output, involving the creation of value added and for which the customers bear an opportunity-cost.
In this paper, the intermediation approach is adopted. The main reason for using this approach is because the production approach requires the number of accounts and transactions processed (output measures under the production approach) that are not readily available. Measuring scale and technical efficiency using DEA requires data on output and input quantities, while measuring allocative and cost efficiency also requires data on input prices.
The inputs used in both models are, to some extent, similar to those used by Sherman and Gold (1985) , Rangan et al. (1988) , Aly et al. (1990) , Mehdian (1990 and , Chen (1998) , and Berger and Humphrey (1991). The outputs for Model 1 correspond to some of the outputs used by Charnes et al. (1990) and Yue (1992) . The outputs for Model 2 are a modified mixture of those used by Favero and Papi (1995) and Yue (1992) . According to Favero and Papi (1995:390) , non-interest income (y 2 in Model 2) can be regarded as a proxy for various services provided by banks, which are usually neglected by a strict acceptance of the intermediation or asset approach.
The inputs used for both models are very much similar to those used by Stavarek (2002) , Chen (1998), Charnes et al. (1990) , and Olivei (1992) . The outputs for both models are a modified mixture of those used by Charnes et al. (1990) , Chen (1998) , and Yue (1992).
RESULTS
All computations were performed using the DPIN software developed by O'Donnell (2110a). The program uses the conceptual framework developed by O'Donnell (2010c) and the data envelopment analysis (DEA) programs developed by O'Donnell (2010b).
The results are presented in a way that may make it possible to determine which model generates the highest productivity and to investigate the contributions of the components of efficiency change. Because of the large number of regions, it is impossible to report on all the regions; therefore, a number of regions will be selected to report on.
The regions selected were 14, 17, 22 and 27. (The reason for selecting a specific region is explained during the discussion of the components of efficiency change for the relevant region.)
The average efficiency scores for all regions are reported in Table 2 . It is evident from the results that Region 4 was the most efficient region, being fully efficient under both models and on all the components of the efficiency scores.
Regions 17 and 26 were fully output-oriented as well as input-oriented technical efficient under Model 1. These two regions were unable to repeat its efficiency scores in the case of Model 2. Regions 21, 25 and 37 were fully output-oriented, as well as input-oriented technical efficient, under both models. Seventeen regions were able to improve both its OTE and ITE while one region experienced an improvement in only OTE. This figure reveals that the productivity of Region 14 (under Model 1) has been steadily increasing over the sample period and that the rate of productivity growth has outpaced the rate of technical progress. This growth is supported by the output-oriented measure of technical efficiency (OTE) and the residual output-oriented scale efficiency (ROSE), while the output-oriented mix efficiency (OME) deteriorated during the sample period. The productivity growth appears to have been primarily due to technical progress and changes in both mix and scale.
The TFP experience of Region 14 under Model 2 is summarised in Figure 4 . This figure reveals that the rate of productivity growth of Region 14 under Model 2 remained relatively unchanged during the sample period, despite a moderate rate of technical progress. The output-oriented technical efficiency (OTE) remained unchanged during the sample period with the residual output-oriented scale efficiency (ROSE) exhibiting an increase over the sample period, particularly during the latter third of the sample period. It appears that the contrasting movements of ROSE and OME during the latter third of the sample period, as well as the low rate of technical change, contributed to the lack of productivity growth. The TFP experience of Region 17 under Model 1 is summarised in Figure 5 . Region 17 is selected as a region where, under Model 1, the region was fully output-as well input-oriented technically efficient, but it did not repeat the performance moving to Model2. This region experienced mixed results in scale efficiency moving from Model 1 to Model 2. Figure 5 reveals that the productivity of Region 17 has been steadily increasing over the sample period and that the rate of productivity growth has outpaced the rate of technical progress, particularly during the latter half of the sample period. The residual output-oriented scale efficiency (ROSE) exhibits a decline with the output-oriented technical efficiency (OTE) remaining unchanged during the sample period. The productivity growth (under Model 1) appears to have been primarily due to technical progress and change in mix. The TFP experience of Region 17 under Model 2 is summarised in Figure 6 . Figure 6 reveals that under Model 2, the productivity of Region 17 has been steadily increasing over the sample period and that the rate of productivity growth has outpaced the rate of technical progress. The growth in productivity seems to have been primarily due to technical progress and output-oriented mix efficiency (OME). This is similar to the situation under Model 1, where the main contributor to the improvement in productivity is due to technical progress and the change in mix.
The TFP experience of Region 22 under Model 1 is summarised in Figure 7 . Region 22 is random selected as one of the regions that were never fully efficient, either under Model 1 or under Model 2. However, these regions experienced a reduction in output and input-oriented technical efficiency and mixed changes in scale efficiency moving from Model 1 to Model 2. Figure 7 reveals that, under Model 1, the productivity of Region 22 has been steadily increasing over the sample period, but on a number of occasions, the rate of technical progress has outpaced the rate of productivity growth. The output-oriented technical efficiency (OTE) exhibits a gradual decline over the sample period. The productivity growth appears to have been primarily due to technical progress and the output-oriented mix efficiency (OME). The TFP experience of Region 22 under Model 2 is summarised in Figure 8 . This figure reveals that over the sample period, there has been a steady decline in the rate of productivity despite an increase in the rate of technical progress. The decline in productivity appears to be primarily due to a decline in the output-oriented technical efficiency (OTE), output-oriented mix efficiency (OME), as well as residual output-oriented scale efficiency (ROSE).
The TFP experience of Region 27 under Model 1 is summarised in Figure 9 . Region 27 is random selected as one of the regions that experienced no improvement in output-or input-oriented technical efficiency with mixed changes in scale efficiency moving from Model 1 to Model 2. Figure 9 reveals that during the first half of the sample period, the productivity of Region 27 has been steadily increasing and that the rate of productivity growth outpaced the rate of technical progress, but during the latter half of the period, the situation was reversed. The output-oriented mix efficiency (OME) exhibits a steep increase with the residual output-oriented scale efficiency (ROSE) a steep decline. The productivity growth appears to have been primarily due to technical progress and change in mix. The TFP experience of Region 27 under Model 2 is summarised in Figure 10 . This figure reveals that the productivity of the region has remained low and that the rate of productivity growth and the rate of technical progress converged at the end of the sample period. The output-oriented mix efficiency exhibits a steep increase with the residual output-oriented scale efficiency a steep decline. Productivity growth appears to have been primarily due to change in mix. 
CONCLUSION
The banking scene has been experiencing considerable change over the past five years. Pressures on the profitability of banks are forcing banks to rethink their marketing strategies, which has lead to a situation where banks rely more on service fees as a source of income. DPIN Version 1.1 by O'Donnell (2010a) was used to compute and decompose productivity index numbers in order to determine how this change in the composition of bank income affects the efficiency of bank regions. Two models were formulated -one to estimate efficiency in the case of interest income and one in the case of noninterest income as the "main" source of income.
Region 4 was the most efficient region being fully efficient under both models and on all the components of the efficiency scores. Regions 17 and 26 were fully output-oriented as well as input-oriented technical efficient under Model 1. Regions 21, 25 and 37 were fully output-oriented as well as input-oriented technical efficient under both models. Seventeen regions were able to improve OTE and ITE while one region experienced an improvement in only OTE. Region 14 exhibits the highest average improvement in OTE and ITE, moving from Model 1 to Model 2 where Region 14 was fully output-and input-oriented technically efficient. Seventeen regions experienced an improvement in both OTE and ITE, moving from Model 1 to Model 2.
Four regions were selected for analysis of the components of productivity change. Productivity of Region 14 (under Model 1) has been steadily increasing over the sample period. The rate of productivity growth has outpaced the rate of technical progress. The productivity growth appears to have been primarily due to technical progress and changes in both mix and scale. The rate of productivity growth of Region 14 (under Model 2) remained relatively unchanged during the sample period, despite a moderate rate of technical progress. It appears that the contrasting movements of ROSE and OME during the latter third of the sample period, as well as the low rate of technical change, contributed to the lack of productivity growth.
The productivity of Region 17 (under Model 1) has been steadily increasing over the sample period and the rate of productivity growth has outpaced the rate of technical progress, particularly during the latter half of the sample period. The productivity growth appears to have been primarily due to technical progress and change in mix. Under Model 2, the productivity of Region 17 has been steadily increasing over the sample period and the rate of productivity growth has outpaced the rate of technical progress. The growth in productivity seems to have been primarily due to technical progress and output-oriented mix efficiency (OME). This is similar to the situation under Model 1 where the main contributor to the improvement in productivity is due to technical progress and the change in mix. Under Model 1, the productivity of Region 22 has been steadily increasing over the sample period; but on a number of occasions, the rate of technical progress has outpaced the rate of productivity growth. The productivity growth appears to have been primarily due to technical progress and the output-oriented mix efficiency (OME). Under Model 2, the region experienced a steady decline in the rate of productivity despite an increase in the rate of technical progress. The decline in productivity appears to be primarily due to a decline in the output-oriented technical efficiency (OTE), output-oriented mix efficiency (OME), as well as residual output-oriented scale efficiency (ROSE).
During the first half of the sample period, the productivity of Region 27, under Model 1, has been steadily increasing and the rate of productivity growth outpaced the rate of technical progress; but during the latter half of the period, the situation was reversed. The productivity growth appears to have been primarily due to technical progress and change in mix. Region 27, under Model 2, experienced low productivity growth with the rate of productivity growth and the rate of technical progress converging at the end of the sample period. Productivity growth appears to have been primarily due to change in mix.
It is evident that there are, on average, productivity gains due to the change in composition of bank income.
